and has now been implemented as a routine diagnostic procedure for detection of fetal aneuploidy in India.
Introduction
Birth defects occur as a result of genetic problems caused by mutations in one or more genes, chromosomal aneuploidy or environmental factors during the gestational period. Cytogenetic disorders occur in about 2% of pregnancies in women older than 35 years, 1% of live births and 6% of still births. It is evident that more than 50% of first trimester spontaneous abortions are due to chromosomal abnormalities. [1, 2] In India, almost half a million babies are born annually with malformations; the figure for Down syndrome (trisomy 21) is 21,000 (21) or 1/1150 births. [3] This load is more common than any other genetic disorder. Moreover, in pregnancy with ultrasound detected malformations, its incidence is much higher and varies from 17% to 27%. [4] [5] [6] The most common cause of spontaneous abortion is numerical chromosome imbalances (aneuploidies), particularly of chromosomes 13, 14, 15, 16, 18, 21, 22 , and X. [7] [8] [9] Aneuploidies of five particular chromosomes (13, 18, 21, X, Y) accounts for 95% of the chromosomal aberrations that lead to infants born with congenital defects. [10] Therefore, it is essential in prenatal diagnostics to analyze chromosomal abnormalities by utilizing procedures such BACKGROUND AND OBJECTIVE: Women with high-risk pregnancies are offered prenatal diagnosis through amniocentesis for cytogenetic analysis of fetal cells. The aim of this study was to evaluate the effectiveness of the rapid fluorescence in situ hybridization (FISH) technique for detecting numerical aberrations of chromosomes 13, 21, 18, X and Y in high-risk pregnancies in an Indian scenario. MATERIALS AND METHODS: A total of 163 samples were received for a FISH and/or a full karyotype for prenatal diagnosis from high-risk pregnancies. In 116 samples both conventional culture techniques for getting karyotype through G-banding techniques were applied in conjunction to FISH test using the AneuVysion kit (Abbott Molecular, Inc.), following standard recommended protocol to compare the both the techniques in our setup. RESULTS: Out of 116 patients, we got 96 normal for the five major chromosome abnormality and seven patients were found to be abnormal (04 trisomy 21, 02 monosomy X, and 01 trisomy 13) and all the FISH results correlated with conventional cytogenetics. To summarize the results of total 163 patients for the major chromosomal abnormalities analyzed by both/or cytogenetics and FISH there were 140 (86%) normal, 9 (6%) cases were abnormal and another 4 (2.5%) cases were suspicious mosaic and 10 (6%) cases of culture failure. The diagnostic detection rate with FISH in 116 patients was 97.5%. There were no false-positive and false-negative autosomal or sex chromosomal results, within our established criteria for reporting FISH signals. CONCLUSION: Rapid FISH is a reliable and prompt method for detecting numerical chromosomal aberrations as amniocentesis and chorionic villus sampling (CVS) for early detection of potential birth defects, particularly in high risk pregnancies.
The conventional full karyotype of amniocytes and cytotrophoblasts is labor intensive, time consuming and requires highly skilled personnel for accurate analysis.
Internationally, the turnaround rate for numerical aberration detection, with respect to chromosomes 13, 18, 21, X, and Y, using rapid fluorescence in situ hybridization (FISH) on amniocytes, has tremendously decreased from few hours, 2 h to 48 h over a period of time. [11] [12] [13] [14] [15] [16] [17] [18] The FISH allows for the analysis of chromosome aberrations using chromosome specific probes. Currently, most laboratories perform rapid tests for aneuploidy such as FISH as part of a combination test with traditional cytogenetics for prenatal diagnosis in India.
Recent development of newer techniques have
guaranteed a significantly shortened turnaround time for obtaining results in prenatal diagnosis. These modern techniques include the aforementioned FISH method, multi-primed in situ labeling (multi-PRINS), quantitative fluorescence polymerase chain reaction (QF-PCR) and multiplex ligation-dependent probe amplification (MLPA). [11, [19] [20] [21] [22] There have been few studies on the applications of molecular cytogenetics for prenatal diagnostics in India. [12, 23] sample. [24, 25] The FISH analysis was performed on uncultured amniocytes using DNA probes specific for chromosomes 13, 18, 21, X and Y using US Food & Drug Administration (FDA) cleared AneuVysion kit. 
Preparation of uncultured cells for interphase cells for FISH

Amniocytes
Five milliliter to ten milliliter of amniotic fluid was centrifuged (1000 rpm, 5 min) and the pellet was Subsequently, the cells were incubated at −20°C for 20 min in 5 ml Carnoy's fixative and the preparation was completed with a final centrifugation. at 37°C for 40 min. After incubation we add few drops of Carnoy's fixative, then pellet was centrifuged, and resuspended in fixative for washing at least three times.
Chorionic villous cells
Finally, the villi are dissociated by adding 60% acetic acid followed by continuous vortexing and mixing to get isolated cells.
Fetal urine cells
Urine sample was collected in 15 ml centrifuged tube and is centrifuged at 1000 rpm for 10 min. Supernatant was discarded and pellet was washed three times in 1X phosphate buffer saline (PBS). After washing, we add in 0.075 M KCl (hypotonic solution) and incubate at 37°C for 30 min. After incubation, we add few drops of fixative, followed by centrifugation and resuspension in fixative. Cells are then washed further at least for three times to get clean white pellet of cells.
Umbilical cord blood
One milliliter to two milliliter of cord blood sample was collected in 15 ml centrifuged tube and washed to remove debris by adding 1X PBS which is centrifuged at 1000 rpm for 10 min. After washing to the sample, we add in 0.075 M KCl (hypotonic solution) and incubated at 37°C for 30 min. After incubation, we add few drops of fixative, then centrifuged to get pellet, finally resuspended in fixative followed by washing at least for 3 times.
Rapid fluorescence in situ hybridization
Rapid fluorescence in situ hybridization (FISH) was performed on uncultured amniocytes/CVS sample using DNA probes specific for chromosomes 13, 18, 21, X and Y following modified standardized protocol through rapid aneuploidy screening by AneuVysion kit (Abbott/ Vysis; Downers Grove, IL). [26] After interphase cell is adopted from the previous established criteria. [26] A case was classified as informative normal for a specific 
Results
Of the total, 163 patients who underwent prenatal diagnosis, the median maternal age was 32 years (SD ± 5.3) (range 18-45); the median gestational age was 18 weeks (SD ± 6.9) (range 14-24 weeks). In this study, we did FISH in 163 patients and got informative results in all the patients through both/or cytogenetics and FISH. In our study group 85% of cases were normal for at least five common chromosome abnormalities and 6.0% were abnormal and 2.5% cases were considered to be suspicious mosaic through FISH.
We got aneuploidy rate of 6.0% and diagnostic detection rate of 97.5% by FISH due to four uninformative cases. Among the 116 patients taken for both FISH and cytogenetic three cases were considered suspicious mosaic giving aberrant FISH signals between 10% and 60% of nuclei within our established reporting criteria as described above. In these cases additional 200 nuclei were counted to confirm the signals and routine cytogenetics analysis was performed on larger number of metaphases.
All the three cases were reported as uninformative through Table 3 ].
The American College of Medical Genetics (ACMG,
2000) and the American Society of Human
Genetics (ASHG) have published guidelines endorsing the Both karyotype  and FISH   83  13  0  96  Normal  3  4  0  7  Abnormal  3  0  0  3  Suspected  mosaic  1  7  2  10  Culture fail  90  24  2  116  Total  Only FISH  37  7  0  44  Normal  2  0  0  2  Abnormal  0  0  1  1  Suspected  mosaic  39 Table 3 ].
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Discussion
Our study was designed to aid both the patient and 21, X, and Y with conventional cytogenetics. [11, 15, [28] [29] [30] [31] There have been few reports in the area of prenatal diagnostics for chromosomal disorders from India. [13, 29, 32] After the publication of the previously mentioned articles, [37, 38] The culture failure problem was mainly in CVS samples included in initial part of standardization process.
However, we could assist these patients by getting information about at least five chromosomes through FISH, which were found to be normal and subsequently patient was counseled for failed culture report by the clinician in lieu of indications for prenatal diagnosis. Conventional cytogenetics is currently standard prenatal diagnostic test and is routinely offered to patients having increased risk of carrying chromosomally abnormal fetuses. The traditional "gold standard" for prenatal diagnosis of chromosome abnormalities is metaphase analysis through G banding.
The primary advantages of standard cytogenetic analysis are the ability to detect aneuploidies as well as structural chromosomal aberration with great accuracy. Karyotyping requires isolation of metaphase chromosomes from cultured fetal cells and therefore is time consuming.
Though, the reporting time has decreased considerable in last few decades, conventional karyotyping still requires 7-14 days of which culture is the most time consuming. [39] However, cultures required for karyotyping can, at times, Hence, there is a need for a speedy alternative method and these factors have led investigators to seek other methods for identifying chromosomal abnormalities quickly through alternative techniques like rapid FISH. FISH involves hybridization of fluorescently labeled specific probes to the patient's chromosomal DNA and followed by signal detection using a fluorescent microscope. FISH can be applied in both interphase and metaphase cells and therefore, does not require cultures cells for diagnosis and it is a very useful technique for rapidly determining the number of chromosomes in interphase cell using chromosome specific probes. [40] [41] [42] [43] Aneuploidies of chromosomes X, Y, 13, 18, and 21 and account for about 65% of all chromosomal abnormalities and encompasses approximately 95% of chromosome abnormality cases, which accompany birth defects in newborns. [44] [45] [46] With the introduction of multicolor, commercially available, highly specific and reliable probes significantly enhanced the overall performance of the test with quality control reagents as well as techniques in the development of standardized protocol leading to quality assurance in reporting the results. In our study, we exclusively used FDA cleared AneuVysion assay kit (Vysis, Inc.) to enumerate chromosomes 13, 18, 21, X, and Y in amniocytes and chorionic villus cells.
Early receipt of normal disomic results through rapid FISH has a positive effect on the mother by reducing anxiety as it's a reliably fast method for detecting numerical chromosomal aberrations in prenatal diagnosis and now subsequently been implemented as a routine diagnostic procedure in high-risk pregnancies for fetal aneuploidy in India. FISH using probes specific for chromosome 13, 18, 21, X, and Y has the potential to obtain results quickly and thus are capable of reducing parental anxiety and guiding further obstetric management. One may argue that cost benefit issues will direct towards abandoning the expensive cytogenetic analysis in favor of the faster, less expensive FISH technique. Many feel that the cost of the missed cases far outweighs the savings. [35] 
Conclusion
Rapid FISH with AneuVysion probes (13, 18, 21, X and Y) is a preliminary test; it is often used in conjunction with full karyotype analysis The present study using FISH probes specific for chromosome 13, 18, 21, X and Y has the potential to find answers quickly (48-72 h) and is capable of reducing parental anxiety and of guiding further with better obstetric management in India. Although FISH is used as a preliminary test, it reduces the anxiety that parents feel during a pregnancy. It's comparatively low sensitivity, due to its limitations as discussed in identifying only the most common aneuploidies and structural rearrangements, makes this analysis helpful only in conjunction with conventional cytogenetics. We hope in coming year in India, we could move forward to new molecular cytogentics methods like QF-PCR, MLPA and prenatal chips using array-Comparative Genomic Hybridization (CGH), which definitely offers a number of advantages over conventional cytogenetic analysis and FISH. However, the increasing cost of prenatal diagnosis associated with newer molecular techniques will be a limiting factor for better management of high-risk pregnancies in India.
